We present the results of a search for periodic variables within the nearly 7000 timeseries light curves obtained for stars in the open cluster NGC 2301. Seventy-six periodic variables were discovered, of which six are clearly classifiable as eclipsing binaries showing both primary and secondary eclipse. Many other types of periodic variable are represented in the remaining 70 stars including the high likelihood of additional eclipsing binaries. The determined periods range from less than a day to over 14 days, the periodic stars have nearly unreddened B-R colors in the range of -1 to 4, and the star fall in the magnitude range of R=10 to 19. Five of the newly identified periodic variables show shallow eclipse events which, based on the stellar colors and their light curve properties were initially suggestive of exo-planet ``hot jupiter" transits. Detailed examination of these five candidates leave only one possible candidate transiting planet. Finally, we present evidence which nullifies the earlier suggestion that two of the variable stars in NGC 2301 might be white dwarfs.
Introduction
The young (164Myr) metal rich (Fe/H = 0.06) open cluster NGC2301 ( = 0.6 ℎ 51 48 . 00, = +00 ℎ 28 00 . 0, 2000) is located 872pc away in the constellation of Monoceros almost lying on both galactic and celestial equators, but with an amazing low reddening value of only 0.028 mag. In the last 50 years, only a few papers have appeared which discuss the proper motion based member probabilities and some static photometry of stars in the cluster. A pioneering study on membership probabilities include the earliest paper by Plaut et al. (1959) who determined proper motions for 98 stars in the region using three photographic pairs of plates with epoch differences of 37.80, 58.08, and 54.11 years. Later, Aiad (1986) obtained proper motions of 190 stars again with plates having an epoch difference of 75.72 years. Early photographic photometry in the cluster was conducted by Grubissich and Purgathofer (1962) and subsequent investigations based on photoelectric photometry are discussed in papers of V. Mohan (1988) and Kim et al. (2001) . In February of 2004, a 14 night long observing run was used to collect high precision CCD time-series photometry on about 7000 stars in the open cluster field . The best precision of the CCD photometry was ~1-2mmag, covered a magnitude range of R=+10 to +19.5, and measured point sources of B-R color from -0.5 to 3.7. The photometric depth and precision presented herein are beyond any previous work on NGC 2301 and only a very few of our observed cluster stars overlap with previous studies.
In this paper, we present the results of an analysis of the ~7000 light curves discussed in Howell et al., (2005) , concentrating on newly discovered periodic variable stars within or likely to be within the open cluster NGC 2301. Information on the observational techniques used and the initial variability statistics for these data are discussed in Tonry et al. (2005) . A total of 76 periodic variable stars were discovered by software and visual inspection of their light curve, in which 6 of them are certain eclipsing binaries (EBs). It is highly likely that more of the remaining 70 periodic variable are EBs as well and we discuss five systems whose light curves were initially found to be consistent with transits by extra-solar planets albeit four of them are highly likely to be grazing eclipses or rotational modulations. As to membership, there is no information available from previous studies as stars of magnitude fainter than 10-12 have not been analyzed before by proper motion techniques. Thus, we attempt to suggest membership based on spatial location of the variables in both the cluster color-magnitude diagram and celestial coordinates relative to the accepted cluster radius and the cluster center.
The discovery of EBs in open clusters is of interest since these stars are excellent to observe to provide independent distance information for the cluster as well as fundamental determinations of the binary components radii, mass, and luminosities (see e.g., Guinan et al. 1998 , Ribas et al. 2005 . EBs have also been used to determine accurate distances to the dwarf galaxies such as the LMC (e.g., Fitzpatrick et al. 2003; Ribas 2004) and SMC (e.g., Hilditch et al. 2005) . In order to make such determinations and use EBs as "standard candles" good spectroscopic observations must be conducted in order to determine the radial velocity motions for the component stars. Additionally, the identification of the first extra-solar planet in an open cluster would be a wonderful result. The new variables presented herein, start the process toward a deeper understanding of NGC 2301 and spectroscopic observations can now commence using the information we provide below.
Light Curve Analysis
Out of almost 7000 variable stars discovered in NGC 2301 by Howell et al. (2005) , we first searched for those which showed a high likelihood of being periodic. Period searching was performed using the PDM technique (Stellingwerf 1978 ) and all those light curves which had a 99% or greater probabilities of being periodic were next examined by eye. We note that many of the periodic variables we discovered have shallow variations and for the EBs, nearly equal primary and secondary eclipse depths. Due to this effect, the period finding routine often found a "best fit" period that was really one-half of the true period as noted by visual inspection. We also looked for deeply eclipsing binaries indicated by a light curve drop of greater than one magnitude. None of these were found. A total of 76 periodic variables were culled from the original list. The newly discovered periodic variables are listed in Tables 1 & 2. The six stars in Table 1 have light curves that provide clear evidence for classification as eclipsing binaries; two unequal minimum the tell-tale signature of an eclipsing binary. We plot their phased light curves in Figure 1 . The orbital periods found are mostly short, less than 1 day, with one outstanding example at 14 days. In any time limited observational program, shorter period sources will be preferentially discovered.
Our six EBs will be the most likely systems to be used in distance determination studies. Of course there are other types of eclipsing systems which don't necessarily show two minima or two unequal minima. Systems such as these (e.g., W UMa's) are likely to be numerous in our sample of additional periodic variables. We note that the photometric study conducted on the central region of NGC 2301 by Kim et al (2001) , found 9 variables including 5 EBs. The paper by Kim et. al. didn't not provide RA and DEC values for their new variables stars, but only an image with the variable stars marked on it. Thus, when attempted to crossreference the 9 Kim et al. stars to their variables, they managed to uniquely match only 7 of them. One of the matched stars is equal to our discovered eclipsing binary C0163 and our orbital period (P=0.250days) agrees with the listed value of Kim et. al. (see Table 3 ). Table 2 lists the 70 additional periodic variables we have found, of which six example light curves are shown in Figure 2 . Many of these periodic variables are also likely to be eclipsing binaries, but examination of their light curves was unable to clearly detect primary and secondary eclipse, a shape consistent with an eclipse (given their period), or a well enough sampled light curve to be certain of their true nature. We see that Table 2 entries show a much larger range in R magnitude and orbital period (many multiple day periods) than the stars listed in Table 1. Table 2 entries which are eclipsing binaries with periods of many days would, for example, fall into the "too poorly sampled" light curve bin so as to not provide us with a good enough metric to be completely sure of the variable and thus move it to Table 1.
All the columns in Tables 1 & 2 (with the exception of the last one in Table 1 ) are derived directly from the original observations as presented in Howell et al. (2005) and the light curve analysis performed herein. The RA and DEC values are J2000. The radial velocity values are crude estimate of the maximum velocity amplitude (the K amplitude) expected for each binary given the assumptions we now list. As a starting point, we have assumed that both stars are of the same mass and the binary has a circular orbit. The mass of the stars were estimated based on the observed B-R value. The velocity values are calculated for a wavelength of 4861 (H ) chosen as a representative spectral line near the middle of the optical band and near typical late type star diagnostic features such as Na and Mg lines. The last column in Table 1 was produced as an aid to assessing the requirements needed to obtain spectroscopic orbits in for future observations. Figure 3 plots the B-R color of each periodic variable star vs. its period in days. We note that the variable stars apparent colors range from those of A stars to late K (being composite of course for binaries) and the period distribution spans the length of the data set: from <1 day to ~10 days. Selection of a periodic variable by color can be useful to separate pulsators and rotation modulations from composite color binaries. The information in Tables 2 & 3 can be used to cull samples of interest from the cluster variables.
Inside the 70 periodic variables we found 5 exo-planet "transit" like light curves, whose phase plots are presented in Figure 4 . The light curves were brought into candidacy due to their short period and shallow eclipse depth (similar to a "hot jupiter"). Additionally, their observed B-R values were consistent with a solar-like star, near spectral type K. As in any photometric search for extra-solar planet transits, many candidates are initially identified but most are weeded out easily as (grazing) eclipsing binaries or (a bit harder) triple systems. The five light curves shown in Figure 4 are no exception and illustrate the easy of candidacy as well as rejection as exo-planets. The light curves of W282 & W528 show that the ``transit" covers the nearly the entire period. S383 and E231 also show what would be a long transit event and have shapes and lengths more consistent with a "V" shape of a grazing eclipse. The final candidate, S210, is still in the running as its shape and depth are quite consistent with a planet transit. However, its transit length is nearly 0.5 in phase, again highly unlikely to be a planet unless it is in a highly elliptical orbit. This final candidate warrants a bit of further spectroscopic study although it is probably a false positive transit event. However, at its magnitude of R~17, it is unlikely to get any detailed spectroscopic study any time soon.
Approximately 0.2% of all stars are EBs giving an expected number of about 5 million systems in the Milky Way Galaxy, of which about four thousand have been discovered and/or catalogued (Guinan 2004) . Using this percentage and the assumption that it is correct for an open cluster such as NGC 2301, our light curve samples should discover ~13 EBs. While we report only 6 certain ones, we are confident that at least 7 more are hiding in Table 2 .
White Dwarf Candidates
In Howell et al. (2005) , two stars observed in NGC 2301 were suggested as possible white dwarfs. The tentative assignments as white dwarf candidates for the stars N0752 (RA=103.107112, DEC=0.659648) and C0758 (RA=103.033386, DEC=0.517640) were based on their blue color and their location in the color-magnitude diagram assuming them to be cluster members (see e. g., Figure 5 in Howell et al., 2005) .
We have observationally monitored these two stars over the time span from the original observations ,Feb. 2004, through March 2006. Table 3 shows their measured B and R magnitudes over this time period, revealing large variability of 1-1.5 magnitudes and big color changes. These two stars have not again been observed to be as blue as during their initial discovery.
On 2006 January 3 UT, N0752 and C0758 were observed at medium spectral resolution for 10 minutes each ( Figure 5 ). The observations were made using the Echelette Spectrograph and Imager (ESI; Sheinis et al. 2002) in echelette mode on the Keck II telescope. This setup provided a useful spectral coverage of 4000 to 9500 in 10 spectral orders with a constant dispersion of 11.4 km/sec/pixel. A slit width of 1 arc-sec was aligned along the parallactic angle providing a plate scale of 0 1270 183 arcsec/pixel (R=3000-5000 across the optical range). Wavelength calibrations were accomplished using Hg-Ne-Xe and Cu-Ar lamps. The spectrophotometric standard Feige 110 was used for flux calibration. The data were reduced using standard IRAF routines with additional custom analysis routines to properly correct for the large curvature, strong nonlinear photometric response, and small tilt of sky lines. C0758 appears to be a normal looking late G early K star, possibly of luminosity class III based on its narrow lines. It also shows weak metal lines and may be metal poor. N0752 appears to be a later type star (mid-K) with typical looking metal lines but again showing quite narrow lines, possible indicating a luminosity class III object.
It is now clear that these two objects are not white dwarfs. Their high level of variability, in particular their color change, are not easily explained by the single spectrum we have obtained. Ideas about binarity with a red and a blue component or some exotic object also seem to be eliminated as the two sources look like, at this epoch, relatively normal stars. If they are luminosity class III, they are not cluster members as there apparent magnitudes near R~17 will place them far beyond the cluster. Perhaps they are some sort of R CrB type of star semiregularly passing through carbon shell ejection and emission line phases, leading to their variability in brightness and color. If they are cluster members, they would be consistent with being late type main sequence stars (most of the time) and one might imagine some sort of flaring activity which may cause their observed blue colors. The true nature of these two point sources will apparently be left as an exercise for the reader.
Membership
Previous studies of NGC 2301, including those aimed at membership statistics, have not reached to magnitudes as faint as our data set. Even our bright end is poorly sampled by the published literature with only a few common stars. We do not have the time line or archival data to perform a proper motion or parallax study for our stars, so we will present two qualitative pieces of evidence to support membership for at least the majority of our 76 periodic variable stars.
First, if we examine the location of the variables on the cluster color-magnitude diagram, we note that the majority lie along the main sequence as established in Howell et al. (2005, Fig. 4) . A few lie to the right and above this sequence being either reddened cluster members or nonmembers. This "test" is suggestive for cluster membership but not extremely compelling, especially for stars fainter than R=17 which lie below and to the left of the main sequence (see Fig. 4 in Howell et al., 2005) . Second, we present Figure 6 showing a Digital Sky Survey image of NGC 2301. The image presented is 25 arc-minutes (NS) by 30 arc-minutes (EW), centered on the cluster position. Previous work (e.g., Grubissich & Purgathofer 1962) , suggest a cluster radius of 15-18 arc-minutes, thus most stars in Figure 6 brighter than R~17 are likely to be cluster members. The membership is again highly uncertain for stars fainter than this limit. We see in Figure 6 that our 76 periodic variables all lie within the apparent cluster radius, again making them likely to be true cluster members.
Taken together, the location of our variables on the main sequence in the cluster colormagnitude diagram and their spatial location with respect to the cluster center and radius, we believe that most of the stars brighter then R=17 are highly likely to be cluster members. This is not a guarantee however, as noted in Howell et al. (2005) , the R=11.5 star C0023, located very near the cluster center, was determined to be a background giant.
Conclusion
In the present study we have discovered 6 new eclipsing binaries, 70 other new periodic variable stars, one candidate extra-solar planet, and nullified two white dwarf candidates in the field of the open cluster NGC 2301. We also attempted to analyze the membership of all discovered variable stars by their spatial positions on HR diagram and in the star field of the cluster region. The main intention for this study was to find eclipsing binary stars in the cluster as they can be used as an excellent standard candles for calibrating the distance to the cluster and other cluster properties. To get the maximum scientific return from the eclipsing binaries, spectroscopic follow up observations are required for radial velocity, temperature, and further stellar properties to be determined. Studies at this level for our current relatively faint EB systems will need a 4m class telescope to get to the required spectroscopic resolution and S/N within the time intervals of the orbit.
All ~7000 photometric light curves of NGC 2301 are available by contacting the authors or online at WEBDA (http://www.univie.ac.at/webda/) or NeXSCi through the NASA Star and Exoplanet Database (NStED) (http://nexsci.caltech.edu/archives/nsted/). The authors wish to thank Mark Huber, Robert H. Becker, and Richard L. White, for obtaining the Keck II EIS spectra and Con Deliyannis and Daryl Willmarth for obtaining some of the photometric observations. ------------------------------------------------------------------------------------------------------------------ 
